Vegf genes are expressed along many hemocyte migraare the journeys through the body that blood cells untory paths, and they are redundantly required for migradergo during their development into mature leukocytes tion. Ectopic expression of a ligand redirects migration and erythrocytes. In mammals, hematopoietic stem cells to a new position. We provide evidence that VEGF conare thought to originate in the aorta-gonad-mesonephtrol of blood cell migration is independent of the physioros region and move through the vascular system before logical pathways that target hemocytes to dying cells. entering the fetal liver and bone marrow to establish
, a homozygous viable insertion in the 3Ј noncoding region, did not exhibit the hemocyte phenotype. However, the disruption of hemocyte migration clearly reflects a requirement for Vegfr function, as the migration defect was also seen when endogenous Vegfr transcripts were depleted by RNAi (see below). We conclude that inactivation of the Vegfr gene blocks progression of blood cell movement; hence, we propose the gene name stasis (stai, pronounced "stay"), which means slowing or stopping.
The RAS-MAPK pathway is activated by signaling through VEGFRs and other RTKs (Seger and Krebs, 1995), so we investigated whether RAS-MAPK was involved in hemocyte migration. Immunostaining with a diphospho-MAPK antiserum (␣-dpERK) showed that MAPK was activated in migrating hemocytes ( Figure  3N ). MAPK activation was greatly reduced in Vegfr mutants ( Figure 3O ), and it was increased by ectopic expression of a VEGF ligand ( Figure 3P) . It was not possible to test the effect of complete loss of RAS-MAPK pathway activity in embryonic hemocytes, because pathway components are both maternally and zygotically required and expressed. Zygotic loss of function mutations in any of the three genes encoding adaptor proteins (drk, dshc) or a RAS exchange factor (sos) had no effect on hemocyte migration (data not shown). How- Figures 5I-5L ), so only one is shown (Figures 5E-5H ). Beginning at stage tion of Vegfr-positive cells cluster in the embryo ( Figure  5N ). From stage 12 on, Vegf17E was expressed in Mal-9 and into stage 11, the genes were expressed in caudal ectoderm and developing hindgut, foregut, and ventral pighian tubules, and beginning at stage 13, in a posterior ring of ectodermal cells ( Figures 5C and 5D) . nerve cord (Figures 5E and 5I ). The hindgut (and subsequent Malpighian tubule) expression during stages Vegf27Ca and Vegf27Cb were also expressed along blood cell migration routes. Both displayed the same 11-13 corresponds precisely to the position where blood cells cluster after entering the tail (Figures 5T and 5U) . most blood cells were redirected to anteroventral positions on and around the foregut, the site of ectopic There was also a striking correlation between the location of Vegf27Ca/27Cb expression and Vegfr-expressing expression closest to where they originate ( Figures 6L  and 6M) . Similar experiments using btl-Gal4 and XP blood cells at the ventral nerve cord, along which hemocytes move to reach the middle of the embryo (Figures d5686 (Figure 4B ) to misexpress Vegf17E ( Figure 6N ) did not show an effect on hemocyte migration ( Figure  5O, 5P, 5Q, and 5S) . In late embryogenesis, Vegf27Ca/ 27Cb expression was detected in Malpighian tubules 6O), nor did experiments using a UAS-Vegf17E transgenic line (UAS-Vegf17E-B; data not shown). This sugand a foregut derivative (Figures 5H and 5L) , both of which are also associated with migrating hemocytes gests that the activity or diffusion properties of VEGF17E ligands may differ from those of VEGF27Cb. (data not shown).
5C, and 5M). The latter is the site where a novel populaexpression pattern (schematized in
In aggregate, the expression pattern of the three Vegf genes coincided with many blood cell migratory paths. Figure 6H ). We conclude that Vegf ligands are redundantly required for blood cell miWe have characterized a Drosophila gene, stasis, which gration, and they are required for the same function as encodes a VEGFR homolog, and shown that the gene Vegfr.
VEGF Signaling Functions Independently
is expressed in developing blood cells and is essential for their migration into and around the posterior of the embryo. We have also characterized three genes encodEctopic Expression of a Vegf Ligand Can Reroute Blood Cell Migration ing VEGF homologs and shown that they are expressed along blood cell migration routes. They, too, are required We used the Gal4/UAS system (Brand and Perrimon, 1993) to test if misexpression of a Vegf ligand could for blood cell migration into and around the posterior, and ectopic expression of a ligand can reroute migration alter hemocyte migration. Misexpression of Vegf27Cb in the developing foregut, salivary duct, trachea, and to new positions. These results establish that the Drosophila VEGF pathway plays a critical role in controlling midline glia using breathless-Gal4 driver (btl-Gal4; Figures 6J and 6K) and UAS-Vegf27Cb (XP d2444; Figure  developmental migrations of blood cells. While considerable progress has been made in understanding the 4A) caused misrouting of hemocytes. In many embryos, processes that guide blood cells to sites of infection and inflammation in mammals (Butcher and Picker, 1996), our results begin to reveal the molecular processes and pathways that guide developmental migrations of blood cells. Remarkably, nearly all blood cell movements in the posterior appear to be controlled by the VEGF pathway. It is also notable that it is a VEGF pathway, because vertebrate VEGF pathways are so prominently associated with blood vessel development. Below, we propose a molecular model by which the VEGF pathway controls blood cell migration, discuss its relationship to the pathways that control blood cell homing on apoptotic cells, and explore evolutionary implications. 
Role of VEGF Signaling in Blood Cell Migration

Cell Death Analysis Molecular Biology
Acridine orange staining and X-irradiation ‫008ف(‬ rad) of w 1118 emSequences of Vegfr and Vegf cDNAs were assembled from EST bryos were done as described ( 
